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CORRELATION BETWEEN CHAINSAW TYPE AND TOOL MARKS IN  
 
SECTIONED BONE  
 
GREGORY MOORE 
ABSTRACT 
This research determined if the patterns resulting from different chainsaw chain 
types impacting bone leave tool marks are dissimilar enough from one another to 
determine which type of chainsaw was used in dismemberment mimicking homicide 
cases.  Multiple styles of commercially available chainsaw chains were used.  The long 
bones of adult white tailed deer (Odocoileus virginianus) were cut to produce false start 
cuts and complete sectioning to mimic typical human dismemberment.  The cut areas 
were examined macroscopically and microscopically to note features common to each 
chain. The chains were compared to one another to note differences.  It was proposed that 
each chainsaw would leave different tool marks.  It was found that the style of tooth 
significantly affects the size of the exit chipping, size of the breakaway notch, angling of 
the kerf floor, and the mass of bone wastage produced.  The most significant differences 
were produced with a standard tooth.  The skip of the chainsaw did not create significant 
differences.  This research has applications in forensic anthropology through the 
additional information on tool marks and the ability to identify specific tool types.  The 
information is also useful to law enforcement investigations involving dismemberments.     
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CHAPTER 1:  INTRODUCTION 
The identification of tool marks on bone has been an important area of research in 
anthropology, including zooarchaeology and biological anthropology.  Such studies have 
ranged from tool marks on animal bones at paleoanthropological butchery sites to 
assisting law enforcement with criminal cases (Bonte 1975; Boschin and Crezzini 2011; 
Burd and Kirk 1942; Crowder et al. 2013; Frayer and Bridgens 1985; Greene and Burd 
1950; Lloveras et al. 2009; Marcillo-Méndez and Campos 2012; Nichols 2007; Potts and 
Shipman 1981; Reichs 1998; Saville et al. 2007; Symes 1992; Symes et al. 2010; Walker 
and Long 1977).  The study of tool marks in criminal cases has expanded beyond the 
original basic concepts of tool design, in order to keep pace with mass production and 
commercial improvement, to include serrated blades and mechanically powered tools 
(Ormstad et al. 1996; Symes et al. 2010; Thompson and Inglis 2009).   
The manner in which specific tools are used also has been examined in greater 
details to meet the needs of the forensic community instead of solely being looked at for 
more common usage, such as butchery.  Examples of this include examining tools 
normally used for slicing, such as knives, and researching the tool marks created through 
hacking with the same instrument (Alunni-Perret et al. 2005; Humphrey and Hutchinson 
2001; Kooi and Fairgrieve 2013; Lynn and Fairgrieve 2009; Tucker et al. 2001).  Another 
example of more detailed information is examining the direction of a cut marks (Alunni-
Perret et al. 2005; Boschin and Crezzinni 2011; Bromage and Boyde 1984; Humphrey 
and Hutchinson 2001; Tucker et al 2001).  However, there has been limited research in 
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the study of saws as a tool class, and even less concerning chainsaws in particular 
(Saville et al. 2007; Symes 1992; Symes et al. 1998; Symes et al. 2010). 
Saws as a tool of dismemberment have been recognized in a number of forensic 
cases and police investigations (Bonte 1975).  An example involving dismemberment is 
criminal case of Gary Evens.  Gary Evans had committed multiple homicides, killing 
accomplices from previous crimes.  He shot his victims, dismembered the remains with a 
chainsaw, and disposed the remains in dense wooded areas.  In this example 
dismemberment was conducted to transport and hide the remains.  While Evans 
committed suicide prior to trial, he confessed to the crimes to include the means of 
disposal to law enforcement (Wolf 2007).  Another example is Kendall Francois from 
New York.  He murdered a number of prostitutes, and the dismembered remains were 
kept hidden in his house.  The dismemberment was conducted to assist in hiding the 
remains (Wolf 2007).   
The trial of Jeffery Dahmer, from Milwaukee, WI, involved evidence of 
dismemberment and skeletal trauma.  Dahmer admitted to police that he had disposed of 
remains and would sometimes return to the disposal site to inflict further trauma on the 
skeleton to assist in disposal.  This was normally conducted through blunt trauma on the 
skeleton in order to shatter the bones.  Dahmer also admitted to dismembering remains 
that still had soft tissue as well as using methods that could cause postmortem 
modifications of bone, such as bleaching (Bath 1991).  The evidence of tool marks on 
remains is not always key evidence in trial, but cases such as Dahmer demonstrate that 
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tool marks have been used as evidence and can be elements in police reports later 
submitted as evidence (Bath 1991).   
Dismemberment has also been used en masse as a means to terrify or subdue a 
population through fear.  An example of this is the use of dismemberment as torture and 
execution during the Columbian armed conflict of the mid-20th century.  During the 
armed conflict, former military personnel and land owners formed paramilitary 
organizations, such as Autodefensas Unidas de Columbia (AUC).  These organizations 
conducted offensive security operations against communist and drug cartel members.  
Often violent action would be taken against non-combatants who aided or sympathized 
with communists or those working for the drug cartels (Morcillo-Mendez and Campos 
2012; Nieto and Garcia 2008; Olarte 2012).  Police and military forces used the 
dismemberment as a message of what would happen to social and political opponents.  
The identification of skeletal remains has been assisted through confessions of former 
AUC members and the saw marks that correspond to forms of torture used (Morcillo-
Mendez and Campos 2012). 
The motives for dismemberment that are considered in forensic studies can be 
placed into five categories: defensive, offensive, aggressive, sexual, and necrophilial 
(Nunno et al. 2006; Konopka et al. 2006; Konopka et al. 2007; Rajs et al. 1998; Reichs 
1998).  Defensive mutilation is conducted to hamper the ability to identify the deceased 
or to hide the remains.  Offensive mutilation refers to dismemberments that are 
committed out of sadism or anger towards the deceased.  Offensive mutilation can 
include any mutilation that is performed for reasons other than hampering the ability to 
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find and identify the remains.  This motive will overlap the others, but it lacks the distinct 
focus of sexual or necrophilial dismemberment.  Aggressive dismemberment occurs 
when dismemberment is the means of homicide, such as decapitation.  Sexual 
dismemberment is similar to offensive dismemberment, but it is localized on sexual 
characteristics: genitalia, buttocks, and breasts.  The localized dismemberment is 
commonly attributed to the perpetrator’s obsession.  Lastly, necrophilial 
dismemberment has similarities with both offensive and sexual dismemberment.  
Necrophilial dismemberment differs from offensive dismemberment in that it is 
conducted with a specific purpose and usually in localized bodily areas, similar to sexual 
dismemberment.  However, the localized areas are not the same as sexual 
dismemberment.  Sexual characteristics might be included, but the necrophile may take 
other body parts that are deemed important to the obsession, such as the head (Ehrlich et 
al. 2000; Nunno et al. 2006; Konopka et al. 2006; Konopka et al. 2007; Rajs et al. 1998; 
Reichs 1998).   
When dismemberment occurs, it is usually conducted with an expedient sharp 
cutting object, such as cleavers, axes, and saws (Konopka et al. 2006; Konopka et al. 
2007; Rajs et al. 1998).  Case studies involving dismemberments have demonstrated that 
the majority involve sectioning the bone along the shaft instead of disarticulation 
occurring at the joints.  When disarticulation does occur at the joint, the perpetrator 
usually has experience as a surgeon, butcher, or other profession where rudimentary 
knowledge of anatomy would allow for identifying points on the body to cut for 
facilitating dismemberment (Konopka et al. 2007).   
 5 
 
Criminal dismemberments are almost always conducted at the site of the 
homicide.  The site is not always where the victim lies, but very close.  For example, a 
homicide victim killed in one room of a house, may be moved to a shower for 
dismemberment (Ehrlich et al. 2000; Konopka et al. 2007; Nunno et al. 2006).  
Dismemberment of remains is considered an aspect of the cleaning of a crime scene in 
order remove evidence that would link a homicide to the perpetrator.  This includes 
transporting and hiding the remains of the victim.  It is physically easier to move and 
conceal remains if the pieces are smaller, as opposed to moving and hiding the entire 
cadaver.  Dismemberment also obscures identification of a victim.  The amount of 
information that can be gleaned from a partial set of remains, especially when the 
cranium is absent, is limited.  An inability to identify a victim may make it more difficult 
to identify a perpetrator.  It is also possible for trauma from dismemberment to obscure 
the trauma that caused death, which could impede attempts at recreating a series of events 
at a crime scene (Konopka et al. 2006; L’Abbé 2005; Nunno et al. 2006). Similar reasons 
for dismemberment also occur in mass graves and could be pertinent to war crimes and 
human rights investigations.  In these instances, people might be taken to their point of 
execution.  At this location torture or labor might occur, to be followed with execution 
and placement of remains in a pit at the site (Haglund et al. 2001; Jessee and Skinner 
2005; Morcillo-Mendez and Campos 2012).  Modern examples include Nazi 
concentration camps during World War II, Ba’ath Regime of Iraq, Rawanda Civil War 
1990-1994, Colombian Armed Conflict from 1996-present, and Yugoslav Wars of 1990-
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1999 (Haglund et al. 2001; Morcillo-Mendez and Campos 2012; Steele 2008; Varas and 
Leiva 2012). 
Most known cases of sawing dismemberment involved a manual saw, but the 
availability of low-quality, inexpensive power saws has seen an increase in the latter’s 
use (Symes et al. 2010).  The deterrents to the use of power saws could be due to the 
noise or the excessive waste produced.  However, power saw use might increase given 
the reduced noise output from newer models, lower prices from mass production, and the 
ease that a power saw will cut as opposed to a manual saw.   
Research has demonstrated that the characteristic marks left by saws in bone 
differ from those left by other sharp-bladed tools (Bonte and Mayer 1973; Marciniak 
2009; Saville et al. 2007; Symes 1992; Symes et al. 1998; Symes et al. 2010), and that 
different categories of saw can also be distinguished from each other.  Research has 
demonstrated that the style of tooth which a saw has affects the tool mark, to include 
alternating teeth, wavy teeth, and raker teeth.  Mechanical and manually powered saws 
have been differentiated through the degree of uniformity in the angle of the striations left 
in bone.  The width of a false start cut, described below, will be larger for heavy 
mechanical saws as opposed to smaller hand saws (Bonte and Mayer 1973; Marcillo-
Mendez and Campos 2012; Reuhl and Bratzke 1999; Saville et al. 2007; Symes 1992; 
Symes et al. 1998; Symes et al. 2010).   
A variation on the power saw is the chainsaw.  While chainsaws have similarities 
to other power saws that separate them from manual saws, the manner in which a 
chainsaw cuts places it into a different category of saw.  Chainsaws have received less 
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attention in research studies than other power saws.  Given the past assumptions made 
between other sharp tools and saws, it is possible that assumptions have been made that 
all saws, regardless of power or tooth, leave similar if not indistinguishable marks.   
While chainsaws have been used in homicides and suicides (Grellner and Wilske 
2009; Morcillo-Mendez and Campos 2012), there are also high numbers of chainsaw-
related accidents.  Between the years of 2003 and 2011 there were a total of 91 fatal 
chainsaw workplace accidents where the chainsaw was either the primary or secondary 
cause of the death in the U.S.  Among the approximate 5,300 fatal workplace accidents 
every year, approximately 10 are due to chainsaw injuries (OSHA 2011).  The majority 
of fatal chainsaw accidents occur to the facial and cranial areas (Bonte et al. 1984; Brown 
1995; Marks and Fort 1985; Tournel et al. 2008).  Approximately 72% of workplace 
accidents involving chainsaws are injuries to the left limbs (OSHA 1994).  This is likely 
due to most users being right handed and the chainsaw bar extending past the torso area 
when in use.  There also have been instances of suicide where a chainsaw was used.  In 
situations where a self-decapitation is attempted, the chainsaw might not completely 
sever the neck without an external element applying force (Tournel et al. 2008). 
The variability in tools leads to a variability in the type of tool impressions left on 
bone.  These differ even among the same type, such as knives, cleavers, and axes all 
being sharp force tools.  Similar differences exist among the general category of saws.  
The focus of the present research will be to determine if significant differences between 
chainsaws exist and cause different tool marks in bone or if chainsaws as a tool class 
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leave similar tool marks.  The hypothesis of this research is that tool mark impressions on 
bone will differ among chainsaw chain types. 
To test the hypothesis, five different types of chain were be used to completely 
section white-tailed deer (Odocoileus virginianus) long bones.  Each chain was mounted 
on the same chainsaw housing in order to minimize variables that might affect tool 
marks: speed, power, and size of the chain.  Each chain was used to create 20 completely 
sectioned kerfs and 10 false start kerfs.  Body spatter was also be collected.  The tool 
marks created through these chains were examined to find any distinctive features that 
one could use in a forensic context to identify a particular chain type. 
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CHAPTER 2:  PREVIOUS RESEARCH 
Introduction 
The different types of biomechanical force that cause trauma to bone will be 
defined and explained in this chapter in relation to tool types.  Tool marks will be 
discussed in accordance with the type of trauma that is inflicted.  The last element 
involved in trauma will be body spatter.  While body spatter is mainly concerned with the 
trajectory of blood, soft tissue and bone fragments will be discussed given the nature of 
this research.  
Different classes of tools are known to leave different tool marks on bone, both 
macroscopically and microscopically.  Tool classes that have been identified through 
research on slicing, hacking, and dismemberment include knives, axes, and saws (Alunni-
Perret et al. 2005; Bromage and Boyde 1984; Burd 1942; Crowder et al. 2013; Houck 
1998; Reichs 1998; Symes 1992; Symes et al. 1998).  Multiple researchers have 
determined that other environmental causes, such as animal scavengers, will not replicate 
tool marks on bone.  However, it is possible that other taphonomic changes will either 
obscure tool marks or appear similar without microscopic analysis.  Tool marks may be 
observed through an impact of exceptional force, which may cause additional fracturing 
that could obscure tool marks (Blumenschine et al. 1996; Brothwell 1981; Lambert 2000; 
Lambert 1997; Mays 1998; Novak 2000; Potts and Shipman 1981; Spitz 1993; Wakely 
1997).  
Within these classes, additional sub-classes have been created.  Within the class 
of knife, for example, differences have been found between the following types of blades:  
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knives, cleavers, machetes, and serrated blades (Bartelink et al. 2001; Humphrey and 
Hutchinson 2001; Tucker et al. 2001).  The research conducted with knives has shown 
that the main cause for differences in tool marks is the style of cutting for which the blade 
was designed (Symes 1992; Symes et al. 1998; Thompson and Inglis 2009).   
 
Criminal Dismemberments 
Postmortem dismemberment is usually conducted with a knife-, axe-, or saw-class 
tool.  It is possible that a combination of the three is used in one instance (Bonte 1975; 
Reichs 1998).  Tool marks can be identified from these instruments, as there are limited 
known processes that will mimic a slicing, chopping, or scraping action at the 
microscopic level (Bromage and Boyde 1984; Houck 1998; Potts and Shipman 1981).  
Comparative studies have demonstrated that the composition of an edged tool does not 
cause a significant variation in the appearance of cut marks.  A greater variation is 
present dependent upon the manner the tool is intended to cut, such as slicing as opposed 
to stabbing.  This has been demonstrated using lithic and metal blades of various origins 
(Bromage and Boyde 1984; Symes et al. 1998).  As long as the blade is harder than what 
is being cut, tool marks will be evident.   
Dismemberment follows two general patterns of distribution:  localized and 
generalized.  Localized dismemberment usually involves the removal of identifiable 
features:  head, hands, and feet.  Localized dismemberment is usually tied to hindering 
identification or aiding in disposal (Reichs 1998).  Generalized dismemberment results in 
cut marks located in numerous places on the body.  These often appear on long bones, 
 11 
 
above and below the joints.  There is usually a cluster of cut marks, most likely 
representing false starts as well as the actual site of dismemberment.  Very few known 
criminal cases have had a deceased dismembered at the joints of long bones (Konopka et 
al. 2007; Reichs 1998). 
It may be possible to determine a sequence of cuts.  If a cut is superimposed over 
another, the underlying cut was first.  The direction of breakaway spurs and the direction 
of blade progression may be indicators if a body was moved during the act of 
dismemberment.  An example is if one leg was dismembered, the body rolled over, and 
then the remaining leg was dismembered (Reichs 1998). 
 
Biomechanics 
 Biomechanics are the study of force and energy to living tissue, with skeletal 
tissue the focus of the present study.  There are two categories for the source of the 
variables that affect bone.  The first is extrinsic: factors that exist outside the body such 
as trauma from a fall.  The second is intrinsic: which is how shape and structure of the 
tissue affects the response to force.  Examples of intrinsic factors include the level of 
mineralization and the geometry of the bone (Kroman and Symes 2013). 
The key aspects of biomechanical force on bone are direction, speed, and focus.  
Direction refers to the angle of the force when it impacts the bone.  Speed is the amount 
of time the force is impacting bone in relation to the level of the force.  The distinction in 
speed ranges from a quick and sudden impact as opposed to a slow build up of force that 
is applied over a length of time.  Focus refers to the size of the area on a bone to which 
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the force is applied (Byers 2008; Ortner 2003; Ortner and Putschar 1981).    Despite the 
categories used to define stress, the resulting trauma will affect bone is one of four 
manners:  fracture, dislocation, deformation, and miscellaneous traumatic conditions 
(Ortner 2003).  These terms are described as (Table 2.1):   
Table 2.1 Effects of trauma. 
Effect of Trauma Definition 
Fracture A partial or complete discontinuity of bone 
Dislocation Complete loss of contact between adjoining 
bones 
Deformation Modification of the normal shape of bone 
Miscellaneous Specific trauma that does not fit in the 
above categories, such as trephination 
 
 Fracture will be the focal point of discussion for this research, as it is the more 
common form of trauma resulting from the use of objects to intentionally harm another. 
 
Direction of Force 
 The direction of force is divided into five separate categories:  tension, 
compression, torsion, bending, and shearing (Figure 2.1) (Byers 2008; Ortner and 
Putschar 1981; Ortner 2003).  Each of these types of force potentially causes a different 
type of break in bone.  These differences have a direct application in the study of tool 
marks, as different tools utilizing a different motion will cause the direction of force to 
differ.  The first direction of force, tension, is force pulling at a bone.  In the case of a 
long bone, this force is usually along the long axis.  When the force is great enough, the 
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area affected will break off and be pulled away (Byers 2008; Kroman and Symes 2013; 
Ortner 2003; Ortner and Putschar 1981). 
  
 
Figure 2.1. Direction of force:  (a) tension, (b) compression, (c) torsion, (d) bending, 
and (e) shearing (drawn by author). 
Compression is the result of a sudden impact, where stress from the impact acts 
to make the material shorter or more compact.  The patterns of fracture caused through 
compression vary.  Bones usually split along the same axis that the force was applied.  If 
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applied along the long axis of a long bone, the cortical bone might buckle and cause the 
surface to bulge outward.  If the compression was caused with an instrument, it is 
possible that bone will show tool marks.  Compressive force is a common type of injury 
to the cranium (Byers 2008; Kroman and Symes 2013; Ortner 2003; Ortner and Putschar 
1981). 
 Torsion occurs when one end of bone is held stationary while the other end is 
twisted.  In the case of long bones, this will cause fracture lines to spiral along the long 
axis.  Torsion is most often seen in accidents, and it is not a common occurrence in 
homicides outside of a victim falling.  Due to the manner the fracture line travels along a 
long bone, it is possible for torsion fractures and compression fractures to appear similar 
(Byers 2008; Ortner 2003; Ortner and Putschar 1981). 
 Bending is the most common cause of bone separation, and it often occurs in 
conjunction with other types of force.  Bending occurs when force is applied 
perpendicularly to the long axis of the bone.  The maximum stress occurs in a distinct 
area, and the stress results in the separated bone.  Sometimes fractures will radiate 
conically from the point of impact.  In this situation a triangular fragment of bone is 
separated, known as a butterfly fracture (Figure 2.2) (Byers 2008).  When juvenile bones 
are subjected to bending, a greenstick fracture might occur.  This is an incomplete 
transverse break in a long bone.  Bending normally occurs through accidents, such as a 
fall, but it might also result through parry fractures.  Parry fractures normally occur on 
the ulna and display an inward displacement, and are caused by a person using an arm as 
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a shield from an attacker.  While this is normally seen in the distal area of the ulna, it is 
not isolated to that area (Byers 2008; Ortner 2003; Ortner and Putschar 1981). 
Shearing is similar to bending, but one end of the bone may be immobilized 
while force is applied to the transverse axis.  A common result is a Colles fracture, which 
often results from a fall.  This fracture is normally found in the distal end of the radius.  
When a person falls, the arm is extended to catch or brace the person.  In this situation the 
arm is immobilized through bracing on the ground or other object, and the body’s fall 
delivers the lateral force.   
 
  
 
Figure 2.2.  Butterfly fracture (Drawn by author). 
In cases involving dismemberment with a saw, the limb is immobilized, 
potentially through deceased’s body mass or the perpetrator, and the saw acts as the side 
force.  The act of sawing does not cause a complete fracture with one motion.  Sawing is 
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the application of shearing force over a period of time. The continued act of sawing will 
eventually section a bone through shearing (Byers 2008; Kroman and Symes 2013; 
Ortner 2003; Ortner and Putschar 1981).  It should be noted that shearing stress may 
change to become bending stress if the immobilized area becomes less restrained.  This 
may make it difficult to separate shearing stress from bending stress as the principle 
cause of a fracture or at what point the former becomes the latter (Crist et al. 1997; 
Ortner 2003; Ortner and Putschar 1981). 
 These types of force do not exist in isolation, and it is common for several of 
them to act in concert on a single bone.  As stated, shearing is similar to bending, and 
both might occur with one in greater magnitude.  Compression and tension also occur 
together in varying degrees (Kroman and Symes 2013; Ortner 2003).  While one type of 
force might be more evident in the fracture trauma, it is possible that the other types will 
have some trace evidence.  
 
Speed of Force 
The speed of force refers to the amount of time stress is applied to a bone before 
fracturing occurs.  There are two types of speed:  dynamic and static.  Dynamic force is 
sudden stress that is delivered at a high speed and powerfully.  This is the more common 
speed of force, and it is the cause of most fracture lines seen in violent deaths.  
Bludgeoning objects, knives, and projectiles all deliver dynamic force.  Sharp instruments 
can deliver static force as well.  Given that the force is concentrated at a single point, a 
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sharp object can cut through softer materials with static force (Byers 2008; Crist et al. 
1997; Lynn and Fairgrieve 2009; Ortner 2003; Piekarski 1970).   
Static force refers to stress that is applied slowly over time.  Static force might 
begin as a low application of force that increases over a time but is still applied 
continuously.  Static force normally results in a displacement of bone (Byers 2008; 
Ortner 2003; Piekarski 1970).  An example of static force causing fracture lines is fatigue 
fracture.  Fatigue fractures occur through repeated physical activity that one has not been 
conditioned to perform, such as high intensity athletic training without prior exposure to 
said athleticism.  Displacement might occur early during the physical activity, but 
fracture lines will appear later if the activity is continued.  When such stress occurs, 
osteon remodeling occurs to strengthen the affected areas.  The first step is the creation of 
resorption spaces.  These spaces initially weaken the bone.  If the physical activity is 
stopped and resumed after a pause, this would not cause undue stress.  If the activity is 
continued, the resorption spaces make the bone more susceptible to stress.  In this 
situation, static force would cause fracture lines.  The injuries that military recruits 
develop during initial physical training periods are an example (Morgan et al. 2005; 
Ortner 2003; Ortner and Putschar 1981). 
 
Focus of Force 
 The focus of force refers to the area that the force impacts, which is classified as 
narrow or wide.  Narrow focus refers to force being applied at a single point or across a 
thin line.  Examples of narrow focus include stabbing and cutting instruments, such as a 
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knife.  Wide focus is the opposite, a situation where the force is delivered over a large 
area.  The result of a wide focus is fracturing over the majority of the bone rather than a 
single indentation caused through a narrow focus.  Usually, any blunt force not involving 
a cutting, stabbing, or hacking instrument will have a wide focus (Byers 2008; Ortner 
2003). 
 
Deformation 
 An object undergoing stress will be subject to two types of deformation, elastic 
and plastic, before breaking.  Elastic deformation is a state where an object is able to 
return to the original form after stress has been removed.  Common examples include 
rubber bands and sponges.  When squeezed or stretched, the object changes shape, but 
once the compressive force is removed, it returns to the original form.  Plastic 
deformation is a state where the object will not recover and return to the original shape 
after stress is removed, unless stress is applied to reshape it.  An example is a metal 
paperclip.  It can be bent without breaking, but once the stress is removed it does not 
return to its original shape.  Objects will have different ranges of tolerance for both types 
of deformation, depending upon the structure.  An object breaks (or fractures in the case 
of bone) when the structure reaches a point of failure due to stress.  The failure will occur 
first in the area of impact if from an external force (Crist et al. 1997; Herrmann and 
Bennett 1999; Kroman et al. 2011; Kroman and Symes 2013; Lynn and Fairgrieve 2009; 
Piekarski 1970; Smith et al. 1993). 
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 Human bone resists stress through three qualities:  anisotropy, transverse isotropy, 
and viscoelasticity.  Both cancellous and cortical bone are anisotropic, meaning that the 
bone has different properties relating to stress along different axes.  For example, the 
femur has evolved to be load bearing, giving it a greater resistance to stress along the 
longitudinal axis opposed to the transverse axis.  However, transverse isotropy assists 
with this lesser resistance to stress.  With the femur still as an example, the cortical bone 
has the same resistance to stress from all directions along the transverse axis.  Lastly, 
cortical bone is also viscoelastic, which allows it to act as either an elastic or plastic 
material.  This quality allows bone to absorb large amounts of stress when applied over a 
long period; an example is running (Berryman et al. 2013; Berryman and Symes 1998; 
Cunha and Pinheiro 2009; Kroman and Symes 2013).  
 
Trauma 
Trauma is normally divided into three classes:  blunt, ballistic, and sharp.  Blunt 
trauma pertains to stress caused through the sudden impact with an object that has an 
impact area larger than a single point and the impact occurs at a slower velocity, usually 
measured in miles per hour.  The main differences between sharp and blunt force trauma 
is that sharp trauma has a smaller focal point of impact, causing the force to be dispersed 
along a smaller surface area.  It is possible for similar patterns to appear in blunt and 
sharp trauma given the mechanics of motion, but it is usually confined to a smaller area 
(Kroman and Symes 2013; Ormstad et al. 1986).  For example, an impact from a 
sledgehammer would involve a larger surface area of contact than a stab from a knife or a 
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puncture from an awl.  The slower velocity of blunt trauma, as opposed to ballistic 
trauma, also causes a greater amount of plastic deformation (Berryman et al. 2013; 
Berryman and Symes 1998; Kroman et al. 2011; Kroman and Symes 2013).  Several key 
terms will be used throughout the descriptions of trauma that follow (Table 2.2). 
 
Blunt Force Trauma 
 Trauma inflicted on bone with a crushing object, such as a club or brick, will 
leave blunt trauma patterns.  The exact nature of the pattern depends upon a number of  
Table 2.2. Key definitions of trauma relating to tool use. 
False Start Scratch Shallow cuts to bone, created through few 
repetitions with a saw or saw slippage 
False Start Kerf Cuts in bone created through repititions 
with a saw, but not enough to section the 
bone 
Complete Sectioning Cuts that have proceeded completely 
through a bone 
Kerf The gap made in an object when cut 
Kerf Corner The superior edges on the lateral sides of a 
kerf 
Kerf Wall The lateral borders within a kerf 
Kerf Floor The lowest point of a kerf that is 
perpendicular to the walls 
 variables in the object being used.  Size, shape, and the amount of force used will play a 
role in the deformation of the bone.  When the blunt force is localized, there are key 
characteristics to the pattern.  There is in-bending on the area directly impacted with the 
force, while there is out-bending on the opposite side of the impact site.  If a long bone 
were struck on the lateral area of the shaft, the lateral area would display in-bending, and 
the medial area of the shaft would show out-bending.  Second, radiating fractures often 
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form.  These are fractures that extend out from the point of impact.  As these fracture 
lines extend outward, the spread will cease if a fracture comes into contact with a suture 
or pre-existing fracture.  The gaps in the path of a fracture will dissipate the force, and a 
newly forming fracture will not cross it.  Concentric fractures may also result from blunt 
force trauma and appear as concentric circles the point of impact (Berryman and Symes 
1998; Berryman et al. 2013; Kroman et al. 2011; Loe 2009). 
 
Ballistic Trauma 
 Ballistic trauma is caused by objects that travel through the air at a high speed.  
This category includes instruments such as bullets, shrapnel, and crossbow bolts.  
Firearms are the most common instrument of projectile trauma in contemporary times.  
The speed of impact from a projectile is measured in distance per time, typically meters 
per second, and is also referred to as velocity.  A projectile with a higher velocity will 
possess more kinetic energy when it impacts a target.  Mass is the second factor that 
contributes to the kinetic energy that a projectile possesses, but it is not as great as speed.  
Doubling mass will double the kinetic energy, but doubling velocity will quadruple the 
kinetic energy: EM*V2 (Berryman and Symes 1998; Dixon 1984; Loe 2009; Steadman 
et al. 2009).   
 
Sharp Trauma – Knives 
Incised trauma inflicted on bone with a knife blade can be described as clean.  
The width is usually uniform along the length of the incision and equal to or smaller than 
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the overall width of the blade.  The walls and floor of the incision are even, with a V-
shape cross section at the kerf floor which may have parallel striations.  The kerf walls 
will have an edge, the location where the terminal section of the kerf wall intersects the 
exterior surface of the bone:  one edge is smooth and very clean, while the second is 
irregular (Alunni-Perret et al. 2005; Bartelink et al. 2001; Boschin and Crezzini 2011; 
Bromage and Boyde 1984; de Gruchy and Rogers 2002; Potts and Shipman 1981; Reichs 
1998; Symes et al. 2010; Walker and Long 1977).  Most of the striations and uneven 
attributes of the edges will not be noticeable with macroscopic analysis.  In these 
instances the walls and floor will appear smooth.  It should be noted that a serrated knife 
will leave striations perpendicular to the floor when used in a slashing or cutting motion, 
akin to those of a saw (Frayer and Bridgens 1985; Reichs 1998). 
While a knife may be used as a saw, it lacks the proper teeth to create tool marks 
equivalent to sawing.  The teeth of a serrated blade are not angled, where the majority of 
hand and power saws will have teeth set at an angle to assist in cutting.  The result of 
sawing with a knife is similar to tool marks inflicted through slicing.  Knives do not bend 
when used to slice, while a saw blade is designed to bend to a slight degree when cutting 
(Symes et al. 2010). 
Incisions made with the tip of a knife differ from those made with the blade.  The 
edges are irregular, and there is pushing back of the bone on one or both of the edges 
(Alunni-Perret et al. 2005; Crowder et al. 2013; Thompson and Inglis 2009).  A stabbing 
action will leave striations that are perpendicular to the kerf floor (Reichs 1998).  
However, stabbing with the tip of a non-serrated bade produces a kerf that is Y- shaped 
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and which possesses similar characteristics to a kerf produced through slicing.  The Y-
shape kerf results from the serrated blade causing a single bevel that is superior to the 
blade (Thompson and Inglis 2009).  
Not all tools or blades classified as a knife will leave the same marks in bone 
(Figure 2.3) (Bartelink et al. 2001).   A sharp instrument may be used to dismember with 
a hacking motion.  Smaller knives, such as a cleaver, will leave marks similar to a knife 
when slicing.  These wounds will have a clean and easily recognizable entry point.  The 
width of the kerf will be close to the width of the blade, and there will not be additional 
fractures.  A larger cutting tool, such as a machete, will have characteristics similar to 
axes, described below.   
Larger tools used for hacking tend not to leave impact areas with smooth borders 
around kerfs.  There is the possibility of additional fractures radiating from the wound 
and chipping of the margins, similar to blunt force trauma and compression.  It is also 
possible for larger blades to section an adult long bone completely (Humphrey and 
Hutchinson 2001; Tucker et al. 2001).  Hacking with a knife will also leave parallel 
striations in the kerf wall that are directionally orientated perpendicular to the kerf floor.  
It is possible to differentiate between types of instruments used in hacking dependent 
upon the striations in the kerf wall. These parallel striations may differ between knife 
types.  For example, cleavers may leave straight-lined striations, while a machete may 
leave some striations with the appearance of a rolling hill (Tucker et al. 2001). 
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Figure 2.3. SEM images of knife incised marks:  (a and b) scalpel blade; (c and d) 
paring knife; (e and f) utility knife (Bartelink et al. 2001: 1291). 
 
Sharp Trauma – Axes 
Axes leave marks that are roughly the same width along their length, similar to 
other implements used in hacking.  The walls and the floor are usually smooth.  The 
corners are usually uneven, with one edge displaying flakes and the other displaying a 
lateral pushing back.  The lateral push back of the kerf is a lip that extends away from the 
kerf itself.  The pushing back occurs due the amount of compressive force pushing 
against the bone and failure of its structural resistance (Alunni-Perret et al. 2005).  The 
pushing back may cause the kerf width to be larger than the blade of the axe.  The force 
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transmitted by an axe can also cause additional fractures and chipping.  The chipping, 
from the direct site of trauma or additional fractures, is significantly more than the 
chipping or wastage from a knife-class tool.  An axe will leave striations perpendicular to 
the kerf floor (de Gruchy and Rogers 2002; Humphrey and Hutchinson 2001; Lynn and 
Fairgrieve 2009; Reichs 1998; Tucker et al. 2001).  It is possible for axes to inflict trauma 
with similarities to blunt force trauma due to the nature of hacking.  Spiral fractures and 
longitudinal fractures extending from the point of impact are known to occur (Lynn and 
Fairgrieve 2009) (Figure 2.4 and 2.5). 
 
 
Figure 2.4. Example of hacking trauma.  The black and gray circle denote trauma 
from a hatchet.  The gray circle denotes the strike that sectioned the bone.  The 
segments were rejoined (photograph by author). 
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Figure 2.5. Example of hacking trauma.  The same bone sample displaying the kerf 
from complete sectioning through hacking trauma (photographed by author). 
 
Saw Class Trauma 
 The effect of tool marks on bone has long been studied in the field of 
Anthropology, from stone tools used to process animal carcasses to instruments of 
murder in forensic cases.However, little attention has been paid to the characteristics of 
saw marks in particular.  The earliest research in saw marks on bone in the field of 
forensics occurred in the 1970s.  The marks left in bone through sawing were identified 
and recorded, and it was noted that research on dismemberment was needed to facilitate 
homicide investigations.  However, the early research lacked support, and the information 
was often inadvertently simplified and misunderstood (Bonte et al. 1984; Brown 1995; 
Koehler et al. 2004; Marciniak 2009; Saville 2007; Symes et al. 2010).  Since the 1970s 
several articles pertaining to particular characteristics of saws have been written.  While it 
may be impossible to compile the specifics for every alteration possible on all the saws 
produced commercially, the defining characteristics of blade classes can assist in 
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narrowing the possibilities when matching tools to tool marks (Bonte et al. 1984; Brown 
1995; Koehler et al. 2004; Marciniak 2009; Saville 2007; Symes 1992; Symes et al. 
1998; Symes et al. 2010).   
Previously conducted research and case studies have shown that trauma on bone 
resulting from saws will differ due to a number of points:  direction of saw progress, 
direction of saw stroke, number of teeth, blade width, blade shape, and source of energy 
(Marciniak 2009; Symes 1992; Symes et al. 1998).  Studies on saw marks have shown 
that the type of material the saw was designed to cut does not play as an important a role 
as how the tool was designed to cut (Bromage and Boyde 1984).  This includes 
examining trauma from false start scratches, false start kerfs, and completely sectioned 
bone (Saville 2007; Symes et al. 1998).  Research by law enforcement has demonstrated 
that chainsaws will leave tool marks on bones that are similar to the tool marks it leaves 
on wood (Randall 2009).  Given these points, it is expected that the characteristics of a 
particular type of saw would cause different tool marks compared to different types of 
saws.  Chainsaw-related accidents have shown that the oil from a chainsaw may be left 
on the soft tissue around a wound (Reuhl and Bratzke 1999). 
 Despite the need for saw marks to be analyzed, current studies have presented 
some difficulties.  There is a reluctance to study saw marks with the soft tissue still 
attached.  This might be for a number of reasons:  storage of decaying material, a lack of 
training in examining soft tissue, and the difficulty inherent in performing the 
examination.  While it is very difficult to identify a particular saw used in 
dismemberment, it is possible to identify the class of saw used.   
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Saw Class Trauma 
The repetitive motion of sawing will produce more diagnostic features than a stabbing or 
chopping motion from a knife or axe.    The classification of a cut with a saw leaves will 
also determine the features to be observed:  false start scratches, false start kerfs, and 
completely sectioned bone.  A false start scratch will resemble a knife cut, but wider.  A 
false start kerf will penetrate into the bone significantly enough to display indicators of 
saw tooth shape and size.  A completely sectioned piece of bone will display the most 
characteristics (Figure 2.6) (Bonte and Mayer 1973; Symes et al. 1998; Symes et al. 
2010).  As a saw cuts through bone, it will form a kerf wall on both sides of the bone 
where the saw is cutting.  The corners of the kerf will lead into the kerf walls and floor as 
the saw blade proceeds to cut deeper into the bone.  When a bone is completely 
sectioned, part of the floor will remain. This piece will form a breakaway spur or notch.  
The kerf floor in false start cuts and the breakaway spur will contain the most amount of 
information pertaining to a saw’s teeth and the relation between the teeth.  The kerf floor 
may also have tooth imprints, caused when a saw blade skips within a kerf.  Kerf walls 
will display information about the sides of the teeth and blade movement.  The direction 
of cutting can be determined with the presence and absence of exit chipping.    The 
spacing between a saw’s teeth is also left on bone when a blade skips, known as tooth 
hop.  Tooth hop will create dips in what would be an otherwise straight striation (Bonte 
and Mayer 1973; Symes et al. 1998; Symes et al. 2010). 
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Figure 2.6. Saw kerf (Symes et al. 2010:20). 
Along the kerf wall or piece of sectioned bone, a saw will leave deep furrows.  
Each furrow indicates a stroke with the saw (Saville et al. 2007).  The striations left in cut 
bone tend to follow the shape of the blade (Figure 2.7).  A saw with a straight blade 
usually produces striations that are straight.  Curved striations occur in two types:  fixed- 
and non-fixed-radius curvature.  Fixed-striation radii indicate a rigid circular blade.  A 
concave breakaway spur is usually present, as these blades bend away from the cut being 
made and a large amount of wastage is generated.  Non-fixed radii occur when using a 
number of flexible saws, such as Gigli saws, rod saws, or some pruning saws.  A Gigli 
saw is a flexible saw that wraps around the bone as it cuts, with striae mimicking the 
convex bone shape.  A mechanically powered circular saw bends into the bone, creating 
fixed radius concave striae.  These saws bend toward the material being cut and tend to 
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leave a breakaway spur as well (Bonte and Mayer 1973; Marciniak 2009; Symes et al. 
1998).   
 
Figure 2.7. Two types of ‘shaped’ saw cuts (Symes et al. 2010:31). 
Saw Teeth 
Saw tooth shape and size can be determined from tool mark indicators left in 
bone.  This is easiest when using false start kerfs.  False start kerfs are created when a 
saw blade slips or when a person moves the blade and a new cut is started rather than 
continue with the point where the sawing ceased.  The saw will also leave macroscopic 
striations in the kerf walls.  These striations run parallel to the kerf floor (Reichs 1998; 
Symes et al. 2010). 
Tooth size is classified by the number of teeth per inch (TPI).  For those saws that 
are classified as points per inch (PPI), the number of teeth is usually one greater than the 
number of points (Figure 2.8).  Saws with larger teeth are designed to cut softer material, 
while those with smaller teeth are designed to cut harder materials.  As most teeth angle 
away from the blade, the kerf width will be at least the width of the blade plus the 
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distance that the teeth extend.  It is unusual for the width of the kerf to be more than 1.5 
times the total width of the blade (Saville et al. 2007; Symes et al. 2010). 
Saw teeth are most commonly arrayed in one of three patterns:  alternating, wavy, 
and raker (Figure 2.9) (Saville et al. 2007; Symes et al. 1998; Symes et al. 2010).  
Alternating teeth patterns have the teeth angled away from the blade.  Every tooth points 
to the opposite side of preceding and following tooth.  If the first tooth were angled to the 
left, the second would be angled to the right, and the third would angle to the left.  This 
pattern would continue along the length of the saw blade.  While most saws have angled 
teeth that cause a kerf to be wider than the blade, this is especially so in saws with 
alternating teeth (Symes et al. 2010).  Wavy teeth are similar to alternating teeth, with 
teeth angled away from the blade, but rather than each tooth distinctly angled to one side 
or the other, the teeth proceed in increments from one side to another.  This gives the saw 
blade a wavy appearance.  A saw with wavy set teeth will commonly create a kerf where 
directional striations from the saw will only appear on one kerf wall, while the other 
appears smooth  (Symes et al. 2010).  Rakers are designed to remove material or 
imperfections from the kerf floor.  Rakers are not usually placed symmetrically, which 
will alter a kerf floor.  The non-standard placement of raker teeth will cause saw blades 
not to have similar striation patterns.  An indicator of saw use involving rakers is an 
uneven kerf floor.  This is caused by a raker falling into a groove larger than itself.  
However, rakers also inhibit the drift of the blade while sawing.  The reduced drift will 
cause a kerf wall to be closer in size to a saw blade (Symes et al. 1998; Symes et al. 
2010; Willson 1994). 
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Figure 2.8.  Rip cut pattern compared to cross cut pattern, with alternating set 
(drawn by author). 
 
Most saws are classified in shape as being either a rip saw or a crosscut saw.  Rip saws 
have a flat chiseling tooth.  Crosscut saws have consecutive teeth filed at opposing angles 
(Symes et al. 1998; Symes et al. 2010; Willson 1994).  In addition, some saws will not be 
defined by TPI or PPI.  These saws include power circular saws, flexible saws, and 
masonry saws.  Flexible and masonry saws use blades that are composed of embedded 
grit or have such material on the cutting edge.  Embedded grit consisted of small pieces 
of sediment that are designed to grind through a softer material in the manner of a 
 33 
 
whetstone sharpening a blade.  Strong cords of wire may also be embedded with the grit 
to assist in grinding through material (Symes et al. 2010; Willson 1994). 
 
Figure 2.9. Saw tooth set patterns (drawn by author). 
Saw Power Source 
The power source of a saw can affect its tool marks.  Manually powered saws 
allow for greater variation due to users sawing at different speeds, strengths, handedness, 
and skill.  A power saw reduces these differences.  The principles of using a power saw 
mean that many of them will have short, wide teeth that will cut faster, but they will also 
create more waste (Symes et al. 1998; Willson 1994).  The increase in power that comes 
with a mechanical saw requires a different construction of teeth, which as noted has a 
large impact on its taphonomic characteristics.  While power crosscut saws exist, the heat 
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generated through the saw’s use has a chance of causing a deformation in the teeth.  An 
example is a band saw (Symes et al. 2010).   
While not integral to a power saw itself, one may be more inclined to begin a new 
cut if the blade skips out of the kerf while cutting.  This is opposed to a hand saw where 
the user commonly inserts the blade into an already started cut if the blade skips out.  
This could appear as a number of false start kerfs in proximity to each other are a 
characteristic of power saw use (Symes et al. 2010).    
 
Chainsaws 
Chain saws have a style of tooth that differentiates them from manual and other 
power saws (Figures 2.10 and 2.11).  Non-specialty chainsaws (i.e. those commonly 
available to the public) will utilize one of the following types of teeth:  chisel, semi-
chisel, and standard.  Standard teeth are also known as safety teeth.  Rather than having a 
TPI or PPI, a chain uses skip to determine the spacing between the teeth:  standard skip, 
semi-skip, and full skip (Figure 2.12).  The teeth of a chain alternate in their facing.  The 
cutting corner will face to the right on one tooth and then the left on the next.  This 
pattern repeats along the entire length of the chain (Bonte et al 1984; STIHL 2012; 
Symes et al. 2010).  The distance of the skip is not universal and may vary dependent 
upon the type of tooth and manufacturer.  Standard skip is sometimes known as a safety 
skip (STIHL 2012; Symes et al. 2010).  Most chain saws are designed to cut soft 
materials at a very high speed, usually wood.  Given that bone is harder than wood, the 
teeth do not always bite into the sides of kerf walls.  This can create a series of “J” shaped 
  
grooves as it cuts through the bone
chainsaw at both crime scenes and accidents has been classified as being from a general 
class of large width cutting tools (Marks and Fort 1985; Tournel 
persons, where a chainsaw was involved, do not display recognizable false start cuts 
(Tournel et al. 2008).  Reported injuries involving chainsaws ha
times the bone will splinter as the chain saw cuts through it (Bonte 
Recreations of crime scenes have examined the vibrations created through a 
chainsaw motor and the direction of the cut.  It has been found that while the vibrations 
may travel down the axis of the object being cut, they are usually not strong enough to 
force a change in the cutting direction.  This has been tested on sturdy material
wooden planks, and the durability and stability of the material being cut was found to 
contribute to keeping the chainsaw aligned (Tournel 
or weak material would have enough structural integrity to maintain the direction of the 
chainsaw.   
 
Figure 2.10.  Composition of a standard chainsaw tooth (
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Figure 2.11.  The three most popular styles of commercial chainsaw tooth (US 
Forest Service 2012). 
 
 
Figure 2.12.  Examples of the three measurements of skip (Madsen 2012). 
  
Figure 2.13. Chainsaw cut depictin
author). 
 
Related Taphonomy 
 While individual types of trauma may be distinguished from each other and 
taphonomic changes, gnaw marks and trampling can damage bone in a manner that may 
be misinterpreted as tool marks (Fisher 1995; Haynes and Stanford 1984; Klippel and 
Synstelien 2007; Landt 2007).
 Tool marks from kni
has been known to leave a kerf that may be either
are often V-shaped with rounded basal cross
specific pattern or location on
lack of a pattern reduces the usefulness of the location to determine between trampling 
and violent trauma.  The principle difference between trauma create
trampling is the direction of the striations within the kerf.  The striations left from 
trampling are not uniform in direction and have been noted to be discontinuous and 
curved.  A factor in differentiating trampling from cut marks i
deeper than damage from trampling (Domí
subjective and may be most useful if one were examining remains where trampling and 
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ves can appear similar to damage from trampling.  Trampling 
 smooth-walled or striated.  The kerfs 
-sections and outer edges.  The
 a bone where the evidence for trampling will occur.  The 
d through cutting and 
s that cut marks tend to be 
nguez-Rodrigo et al. 2009).  The difference is 
 
re is not a 
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cut marks are both suspected.  Trampling may also produce conchoidal fractures, similar 
to fragments created through blunt force trauma (Fisher 1995; Haynes and Stanford 
1984). 
   Carnivore gnaw marks have been found to inflict punctures marks similar to some 
blunt trauma.  However, the carnivore gnaw marks display a lack of microstriations that 
might occur with punctures and blunt trauma (Blumenschine 1995; Haynes 1983).  
Arguments have been made that carnivore gnawing might create damage similar to cut 
marks.  Tooth marks tend to follow the contour of bone, whereas cut marks do so less 
frequently.  Cut marks tend to have shallow ends with the middle being the deepest 
portion.  Gnaw marks are more uniform in depth across the length of the marking, and the 
kerf may show deviations opposed to being straight (Fisher 1995).  Rodent gnawing may 
also produce markings that are similar to cut marks.  However, the kerf floor from rodent 
gnawing will be flat, opposed to the more V-shaped kerf of a cut mark (Fisher 1995; 
Haynes and Stanford 1984; Klippel and Synstelien 2007). 
 
Body Spatter 
 Body spatter is the forced removal of tissue from a body, where it flies or spurts 
away from the originating source.  It can include sprays of blood, soft tissue, and bone.  
Experiments involving spatter usually concern determining the area of origin for blood 
spatter.  It is often tested through the recreation of a specific crime scene.  Blood spatter 
is normally described as radiating patterns created by small individual drops of blood.  
Consequently, information concerning other types of spatter or general patterns for a 
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class of trauma or instrument tend to be limited (de Bruin et al. 2011; Karger et al. 2008; 
Nehrooz et al. 2011).   
The amount of blood and its manner of exit from a wound are dependent upon the 
pressure within the cardiac system and the size of the wound.  If a heart is pumping blood 
through a body, more blood will exit a wound and with greater force than from a body 
with little or no blood pressure.  The latter will result in blood slowly leaving a body and 
pooling.  A larger wound, such as the removal of a limb, will produce more blood than a 
puncture wound from a small caliber bullet or knife (Karger et al. 2008; Randall 2009).  
These variables demonstrate that different tools might affect spatter patterns. 
Different instruments will result in different blood spatter patterns.  The most 
common pattern is drops radiating outward.  The body spatter pattern also depends upon 
the positioning of a body when struck and the location where a blow landed.  For 
example, the decapitation of a still living person would produce a large quantity of blood 
as well as a forceful spray due to the pressure exerted through arterial circulation at the 
time of death.  The pooling of blood in a single general location may indicate that the 
individual received all the wounds at that particular location.  A lack of trails would 
indicate the individual had not been moved after being wounded (Karger et al. 2008).   
There has been little research concerning the possibility of using wastage and 
potential blood spatter as another means of identifying chainsaw use.  Recreations of 
crime scenes have demonstrated that the angle at which the chainsaw is held when cutting 
also impacts the spatter.  A small number of bone chips have been known to have 
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accompanied body spatter, but the skeletal material does not appear to be affected 
through the angle of cut as the other components of spatter have (Randall 2009).   
Concerning chainsaws specifically, most of the information has come from law 
enforcement investigations and recreations on animal carcasses (Randall 2009).  Bone 
fragments and pieces of soft tissue are part of the general body spatter, and the spatter has 
been observed to travel up to a meter above the cutting surface.  Studies have 
demonstrated that spatter may travel forward a distance up to 10 feet (approximately 3.3 
meters).  If a chainsaw is used with the bar at an angle as opposed to being parallel to the 
ground, the amount of spatter increases, but there is no noticeable difference in the 
distance the spatter travels.  When the bar is parallel to the ground, the majority of the 
wastage will land in proximity to the area being cut.  This is similar to the placement of 
wastage from a manual saw (Randall 2009).  Due to the scarcity of studies specific to 
chainsaws and spatter, much of the information concerning spatter is described in 
qualitative terms and any quantitative information is the result of a low number of tests.   
 
Conclusion 
It has been demonstrated through previous research that bone will fracture in a 
limited number of ways dependent upon the factors involved in the force applied.  These 
factors include speed, direction, and focus.  When a tool is used to inflict trauma on bone, 
the design of the tool has an effect upon these factors.  A person swinging a heavy mallet 
will cause different trauma patterns than if swinging a machete.  Tools can usually be 
placed into one of three categories: blunt, sharp, and ballistic.  Each of these categories 
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will have a general range of trauma patterns.  Within these tool categories, differences 
can exist or overlap among the categories can be present.  A steak knife and a machete, 
while both causing sharp force trauma, will leave slightly different patterns within the 
sharp force trauma identifiers.  A steak knife will tend to leave a narrower and shallower 
kerf, as opposed to a machete leaving a wider kerf with possible radiating fractures.  
Chopping motion from an axe resembles both sharp and blunt force trauma due to the axe 
blade’s width and mass.  The differences among the tools within a single tool category 
form the basis for the present research: differences between chainsaw chains and 
associated trauma on bone.  This is supported with the differences between saws and 
other sharp force tools, as well as the differences among the tool category of saws. 
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CHAPTER 3:  MATERIALS AND METHODS  
Introduction 
  The long bones of white-tailed deer (Odocoileus virginianus) were utilized in this 
research.  These were chosen due to the similarity in size to human long bones, allowing 
for a simulation of dismembering a human being after a homicide.  It is acknowledged 
that though similar, the deer long bones will not replicate the exact biomechanics of 
human long bone.  Human long bones were unavailable for use in this research, which 
was another factor in deciding to use animal remains. 
While the shaft circumference of deer long bones is comparable to that of human 
long bones, there are several differences.  Plexiform bone is common in deer bones but is 
seldom present in human bones.  When present in humans, it is usually in infants.  
Plexiform bone is a type of bone tissue where regular plates of longitudinal, radial, and 
circumferential canals form a symmetrical network of bone.  Osteons within plexiform 
bone are also uniform in size and shape.  The osteons in human bone are not symmetrical 
in size and shape, and will contain secondary osteons.  The osteons are more densely 
packed in human bone as well (Bromage et al. 2009; Ortner 2003; Osley et al. 1985; 
Skedros et al. 2011; Skedros et al. 2012).  There is also a difference in the cortical 
thickness of human and deer bone.  Human bone is thicker by an average of 0.45 mm 
(Owsley et al. 1985).  
A bar is where the chain is mounted on a chainsaw.  A bar with a length of 12” – 
16” (30 – 40 cm) is normally used for home construction and repair.  Longer bars are 
used in the lumber industry.  A gasoline operated chainsaw’s power is normally measured 
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in brake horsepower.  Brake horsepower is the measure of an engine's horsepower before 
the loss in power caused by the gearbox, alternator, differential, water pump, and other 
auxiliary components.  Electrically powered chainsaws utilize amps, with a range from 
11 – 15 amps regardless of the designated type of work.  Chainsaws designed for home 
use range between 1 and 3.7 brake horsepower, while those designed for the lumber 
industry may use up to 8.6.  Chains are measured with gauge, corresponding to a 
matching bar.  Chain gauge may range from 0.043” to 0.063”, with 0.050” being the most 
common.  The gauge is not normally measured in metric. 
During the cutting process, five different types of chain were used, all mounted on 
the same chainsaw body.  Appropriate safety equipment and a designated cutting area 
were established to ensure that the research would not endanger anyone involved due to 
the possibility of kickback from the chainsaw and body spatter. 
 
Animal Remains 
 The selection of bones to be cut consisted of the following from white-tailed deer:  
metapodials, tibiae, and fused ulnae/radii.  These bones were chosen due to the similarity 
in size to human long bones as well as their availability.  The bones were donated to the 
research through local butchers in the Massachusetts area during the autumn hunting 
season.  All donations were animal products obtained legally through hunting.  The 
skeletal remains still had soft tissue and hide attached.  The soft tissue was kept on the 
bones to simulate human soft tissue in a criminal dismemberment.  The butcher had 
sectioned these limbs from the larger carcass with a table saw.  All cuts to be conducted 
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in this research were made at least 4 cm away from the butcher’s cuts, which were made 
on the proximal regions of fused radii-ulnae and tibiae.  All remains were received frozen 
and were allowed to thaw while exposed uncovered at room temperature for at least 24 
hours.  This was to prevent any possible discrepancies that might result from the skeletal 
or soft tissue being frozen during the chainsaw cutting procedure. 
 
Saws and Associated Equipment 
 A STIHL brand chainsaw, MSE 220, with a 16” bar, 15 amp engine, and 0.050” 
gauge, was chosen for this research, as it was able to accommodate multiple chains types, 
thus negating any differences caused by the chainsaw itself.  The chains were 8 mm wide 
form the farthest point on opposing teeth (STIHL 2013).  The chainsaw was electrically 
powered, and models of this type are generally smaller and produce less noise than gas-
powered chainsaws.  The chainsaw was self lubricating, minimizing any differences in 
speed or cutting that might occur through overuse.   
 The five selected chains were based upon information from STIHL 
representatives denoting the most commonly purchased chains:  chisel tooth standard 
skip (CS), standard tooth standard skip (SS), chisel tooth full skip (CF), semi-chisel tooth 
semi-skip (SeSe), and semi-chisel tooth full skip (SF) (STIHL 2012). 
 Sawhorses, boards, and clamps were used to mount the deer limbs for cutting.  
This kept each limb stable.  Experimental cuts demonstrated that if the limb was not 
securely held, the force of the chainsaw would catch and move the limb.  Securing the 
limb replicated in part the mass of a body and someone holding the other end of the limb.  
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The sawhorse kept the limb off the ground, which minimized the chance of kickback 
causing injury to the researcher.  The sawhorse surface was 85 cm high. 
 Vellum sheets were placed on the floor around the chainsaw: behind, alongside, 
and to the front of the cutting area.  These sheets were used to catch body spatter in order 
to determine the potential distance and path that spatter would travel (Figure 3.1). 
 
Figure 3.1.  Diagram of work area.  Solid black lines represent the walls of the stable.  
The solid black box in the center is the cutting area.  The arrow marks the proposed 
path of body spatter.  The dashed lines are the sheets of vellum designed to catch 
spatter and record distance traveled.   
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Method of Cutting 
The area of the chainsaw used for cutting was from the middle of the bar to the 
housing.  This was done to prevent kickback and user injury.  During experimental cuts, 
it was found that the closer to the housing one cut, the less displacement of the limb 
occurred.  When possible, all bones were sectioned in the middle complete sections were 
made on the remains, and adjustments were made to account for cutting during meat 
processing.  If longitudinal fracturing was noted, the bone was not subjected to any 
additional cuts with the chainsaw.  Each chain type was used to section completely 
twenty bones and create ten false start cuts.  The body spatter was collected off the 
vellum sheets and floor after every five cuts with the same blade. 
 
Cleaning 
 The sectioned remains were skinned and defleshed manually using scalpels.  Care 
was taken not to cause additional trauma to the remains that might be misinterpreted as a 
result of the chainsaw or that would obscure tool marks from the chainsaw.  The remains 
were then placed in a water-filled crock pot for eight hours, with the heat set at 250º F.  
The temperature caused the water to simmer but not reach a high boil.  The remaining 
soft tissue around the sectioned areas was removed after softening through simmering.  
Additional chemicals and higher temperatures were not used in order to preserve as much 
of the tool marks as possible.  Body spatter was screened through a 2 mm and then a 1 
mm screen mesh to separate bone fragments from soft tissue.  When necessary, bone 
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fragments from body spatter were briefly soaked in warm water to facilitate the removal 
of adhering soft tissue. 
 
Measurements and Defining Features 
 Those specimens that were completely sectioned are counted as two samples, with 
each piece being examined as a separate sample, except for the breakaway spurs and 
notches.  This was done in the event that one segment displayed features and the other 
segment did not.  Each false start kerf was examined as a single sample, to include both 
walls and the floor.  With this procedure, each chain produced a total of 30 samples for 
this project. 
The affected areas of bone were examined with the assistance of an Aven 26700-
300 ZipScope microscope and a DM 143C Digital Stereo Microscope (Aven 2013; Motic 
2013).  The striations on the kerf walls were examined for consistency in direction and 
uniformity in length.  The kerf walls were also examined for exit chipping.  The specific 
sites of exit chipping were measured to determine their size, with the largest portion of 
the exit chipping recorded for comparison.  The path of the directional striations was used 
to differentiate exit chipping from additional damage to the bone.  The presence of 
breakaway spurs was noted, and if present the spur was measured to determine if specific 
size ranges were present for specific chain types.  The presence of J-grooves was noted.  
Lastly, the presence, size, and severity of longitudinal fractures were recorded.  If 
fragmentation distorted features beyond being able to be measured, then it was not 
measured. 
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   The false start kerfs were examined for directional striations on the kerf floor 
that might differentiate one chain type from another.  Test cuts demonstrated that the kerf 
floor was not always level, and angling of the floor was included as a trait.  The cuts were 
also measured to determine if differences in kerf width exist despite all chains being 
mounted on the same size bar.  The minimum and maximum width of the kerf was 
measured.  Measurements for body spatter include how far and in which direction the 
spatter traveled.  Bone fragments were measured to determine the mass of bone collected 
for every five bones sectioned with a given chain type.  The features to be examined were 
taken from the tool marks used to differentiate between saw blades (kerf striation 
direction, J-grooves, and kerf width), tool marks that differentiate between saws and 
other classes of tools (exit chipping, breakaway spur, breakaway notch, and longitudinal 
fractures), and features noted on test cuts (pitting, fragmentation, and kerf floor angle).  
Test cuts were made with manual saws, circular power saws, and chainsaws (Table 3.1). 
The data were analyzed qualitatively using a Pearson Chi-Square Goodness of Fit and 
one way ANOVA tests.  
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Table 3.1.  Saw Mark Analysis Checklist.  
Chain tooth and skip  
Kerf striation direction 0 = Curved 
1 = Straight 
2 = Mixed 
J-Grooves 0 = Absent 
1 = Present 
2 = Undeterminable 
Pitting 0 = Absent 
1 = Present 
2 = Undeterminable 
Exit chipping size Width of largest chip in mm 
Breakaway spur Measurement of length in mm 
Breakaway notch Measurement of longest portion in mm 
Longitudinal fracture 0 = None 
1 = Present 
2 = Undeterminable 
Count 
Measurement of longest fracture in mm 
Fragmenting 0 = No fracturing 
1 = Fracturing 
Kerf floor striation direction 0 = Irregular 
1 = Uniform 
2= Mixed 
Kerf floor angle 0 = Angled 
1 = Horizontal 
Minimum kerf width Measurement in mm 
Maximum kerf width Measurement in mm 
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CHAPTER 4: RESULTS 
Introduction 
 The traits examined as a result of chainsaw cuts are not divided significantly 
among types of chains as a class.  There was no pattern observed concerning side-specific 
tool marks, such as fracture lines being more prominent on one kerf wall over the other.  
In most instances a trait was significant between a pair of chainsaws.  This applied to 
both complete section kerfs and false start kerfs.   
 
Completely Sectioned Bone 
 There were no significant patterns among the sectioned elements concerning 
striation pattern.  The striation directions were parallel, similarly spaced, and displayed J-
grooves in 96% of the samples.  The specimens not displaying uniformity were too badly 
damaged for determination.  This feature cannot be used to distinguish between types of 
chainsaw chains.  Given that general uniformity in striation patterns is common in all 
mechanically powered saws, it is unlikely that this trait alone would be a distinguishing 
trait between chainsaws and other mechanical saws. 
 There were no significant differences in the presence of pitting found among the 
saw types as a whole (Figures 4.1 and 4.2).  In all cases, the pits were circular and 
measured no larger than 2 mm at the widest point.  When the chain types were compared 
in pairs, there was an exception noted with SS, with a trend for more pitting when 
compared to CS.  There was a significant difference in the number of specimens with 
pitting present when compared individually to SeSe and CF.  The significance was noted 
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with a df = 2, p = 0.028 and df = 2, p = 0.012 respectively.  While SS displayed greater 
instances of pitting in all cases, there was no significance found when compared to SF.  
The presence of pitting cannot indicate the type of chainsaw chain used, but an absence 
of pitting would indicate a chain other than SS.  The only chain with a standard style 
tooth was SS. 
There was no significance found in whole or in individual comparisons for the 
presence of longitudinal fractures extending from the area of sectioning through the shaft.  
84% of the specimens displayed longitudinal fractures, 12% did not, and 4% were 
indeterminate due to extensive comminuted fracturing (Figures 4.3 and 4.4).  
Measurements and photographs were taken of longitudinal fractures after sectioning; 
however, the cleaning process for the specimens created additional stress through drying 
cracks.  The drying cracks occurred in the same vicinity as the longitudinal fractures, 
making measurements of fracture length from cutting unreliable.  The photographs 
prevented drying cracks from being interpreted as fractures from sectioning. 
Fragmentation, for the purpose of this research, is defined as pieces of bone that 
have become separated from the larger element but were not ejected from the specimen 
through the use of the chainsaw and were still attached via soft tissue.  Overall, there 
were no significant differences found among the rates of fragmentation and the type of 
saw used: 44% of specimens did not fragment and 56% did fragment during the cutting 
process.  When compared in pairs, the only significant occurrence was between CF and 
SeSe.  The significance was noted with a df = 1 and a p = 0.025 (Figures 4.5 and 4.6). 
  
Figure 4.1.  Presence of pitting by chainsaw type.
 
 
Figure 4.2: Example of pitting: absence (lef
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t) and presence (right). 
SS CS CF SeSe
Type of Chain
Presence of Pitting
 
 
No pitting
Pitting
Indeterminate
  
Figure 4.3.  Presence of longitudinal fractures by chainsaw type.
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al fracturing.  Scales are in mm. 
SS CS CF SeSe
Type of Chain
 
 
No fractures
Fractures present
Indeterminate
  
Figure 4.5.  Presence of fragmentation by chainsaw type.
Figure 4.6.  Examples of fragments 
The width of exit chipping ranged from 1 to 13 mm.  Exit chipping was usually 
synonymous with J-grooves: where a J
Exit chipping was also present in areas
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not having discernible exit chipping
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from chainsaw cuts. 
-groove was present, so was the exit chipping.  
 without J-grooves.  A total of 6% of the 
.  Overall, there was a significant correlation between 
 type of chain used.  This was determined with a df = 4, 
SS CS CF SeSe
Type of Chain
 
 
No fragmentation
Fragmentation
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F value = 4.062, and p = 0.007.  The significance was only noted between SS and CS and 
SeSe chains.  The SS tended to produce wider exit chipping than the others (Table 4.1 
and 4.3 and Figures 4.7 and 4.8).  Smaller widths of exit chipping would not exclude the 
use of a particular chainsaw chain, but larger widths would.  This is especially true 
concerning SS.  While not significant compared to other chain types, the observed sizes 
were outside the observed ranges for all other chains.  Exit chipping could be used to 
identify a chainsaw chain if larger representations are present on the bone.  While a chain 
might create a smaller than expected exit chip, the presence of multiple exit chips should 
allow for some differentiation between chains.  Chisel teeth and semi-skip patterns 
appear to have contributed to the smaller exit chips.  This pattern might not be similar 
when compared to chainsaws with more powerful engines or a different gauge. 
 
Table 4.1.  Comparison of chains to SS and significance for exit chipping width.  
Comparison involving standard tooth- standard 
skip saw and exit chipping  
Chain type Significance 
SS 0.052 
SeSe 0.032 
CS 0.007 
 
The breakaway spur was not present on 58% of the sectioned bones, and when 
present it projected up to 38 mm.  Extensive fracturing made the breakaway spur 
indeterminate among 16% of the specimens (Table 4.3 and Figures 4.9 and 4.10).  There 
was no significant correlation observed between the types of chains and the presence and 
mean length of breakaway spurs.  The breakaway spur was generally conical in shape, 
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but this was modified with fragmentation or the wastage produced.  While CF displayed 
the greatest mean length, the total lengths observed were capable of being considerably 
greater than the mean length.  The lack significant differences and trend indicate that the 
length of the breakaway spur cannot be used to identify a particular type of chainsaw 
chain. 
The appearance of the breakaway notch commonly resembled either a long piece 
of removed bone or exit chipping, with the former exceeding 10 mm in length.  Those 
breakaway notches resembling exit chipping were more narrow and shorter than 6 mm.  
The breakaway notch was seldom between the lengths of 6 mm and 10 mm.  In all 
instances the breakaway notch was conical in shape.  Overall, the length of the 
breakaway notch ranged between 1 mm and 33 mm, and 28% of the specimens did not 
display a breakaway notch.  Extensive fracturing obscured the breakaway notch on 16% 
of the specimens.  Significant correlations were noted with a df = 4, F value = 8.847, and 
p = 0.000 (Figures 4.11 and 4.12).  The significant factors were split between two groups, 
the first being CF and SeSe: these two types did not display significant differences 
between themselves, but with the other three types of chains.  In addition, the other three 
types did not display significant differences among themselves, but only with the first 
group.  The breakaway notch can be used to identify chains when it is in the longer range.  
Shorter breakaway notches are possible from all types of chainsaws, but more common 
with CS, CF, and SeSe.  This is especially so with CS, as it will be significantly shorter.  
The chains SS and SF are most likely to produce longer breakaway spurs, and spurs 
exceeding the mean length of the other types of chains are more likely to be from either 
  
SS or SF.
 
Figure 4.7.  Comparison of exit chipping width by chainsaw
 
 
Figure 4.8.  Examples of exit chipping
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 type. 
.  Scales are in mm. 
 
 
  
Figure 4.9.  Comparison of the length of breakaway spurs by chainsaw
 
 
Figure 4.10.  Examples of 
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a breakaway spur.  Scales are in mm. 
 
 type. 
 
  
Figure 4.11.  Comparison of length of breakaway notch between chain
 
 
Figure 4.12.  Examples of 
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a breakaway notch.  Scales are in mm. 
 
 
 
 
saw types. 
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False Start Kerf Walls and Floor 
 There were no significance differences noted in the direction and pattern of 
striations on the kerf floor.  This is consistent with other types of mechanical saws.  
Overall, 78% of the striations were uniform, 16% were not uniform, and 6% were 
indeterminate.  The indeterminate and non-uniform striations appear to be the result of 
fragmentation. Additionally, non-uniform striations might have been the result of 
intentionally creating the false start kerf, as the chainsaw might have made additional 
marks while being withdrawn from the kerf.  During this research, the saw did not skip at 
any point to create a false start kerf, and all such kerfs had to be made intentionally.  Due 
to the rapidity the chainsaw cuts, it is difficult to ensure each false start kerf is even and 
similar.  However, when compared individually, there was a correlation between CF and 
SF, with a greater amount of uniformity in the striations in SF at a df = 2 p = 0.036 
(Figure 4.13).   
There was a significant correlation between the angling of the kerf floor and the 
type of saw, at a df = 0 and a p = 0.000 (Figures 4.14 and 4.15).  The kerf floor was 
angled in 60% of the specimens and horizontal in 40%.  There was an inverse correlation 
between the SF and SS at a df = 1 and p = 0.000.  However, there was a trend in the 
results of SF and SS.  The chain SF only produced an angled kerf floor, while SS only 
produced a horizontal kerf floor.  The other chains produced both, with a trend towards 
producing angled kerf floors.  The trend can be used to assist in identifying chainsaws 
tool marks.  A horizontal floor is most likely produced with SS, and while other types are 
possibilities it is less common.  A horizontal floor will also exclude SF as a potential.  
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The presence of an angled floor will exclude SS, but it will not indicate which of the 
other types of chainsaws was responsible.  Given that SS and CS both have a standard 
skip, it is unlikely that the skip affects the angling of the floor.  The non-angled floor is 
most likely from the standard tooth, where as the semi-chisel and chisel teeth create an 
angled floor. 
 
Figure 4.13: Comparison of striation direction between chainsaw types. 
 
 The kerf was commonly between 4 mm and 12 mm, with two outliers of 19 mm 
and 23 mm.  The outliers were the result of the chainsaw battering the walls of the kerf, 
which caused significant destruction and widening of the kerf.  There were no significant 
correlations between the width of the kerf and the type of saw (Figures 4.16 and 4.17).  
The width of all chains from the most lateral points of the teeth was 8 mm.  Smaller 
widths might have been the result of ceasing before the entirety of the chain penetrated.  
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Larger widths are most likely the result of the chainsaw vibrating as it cut rather than 
proceeding in a straight path.  The vibration of the chains saw may cause it to batter the 
kerf walls, causing additional damage.  It is also possible that as the kerf widens, the 
chain blade might not cut perpendicular to the floor.  This would be due to the chainsaw 
having a greater freedom of movement when vibrating, and the direction of the cut might 
not always be perpendicular to the floor or object being cut. 
 
Figure 4.14.  Comparison of the angling of the kerf floor by chainsaw types. 
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Figure 4.15.  Kerf floors:
parallel to the kerf floor
 
Figure 4.16.  Comparison of the minimum kerf 
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 horizontal (left) opposed to angled (right) when observed 
. 
width between chainsaw types
 
 
. 
  
 
Figure 4.17.  Comparison of the maximum kerf 
 
 There was a significant correlation among the amount of bone wastage and the 
type of chain used at a df =4, F value = 67
4.18); however, there was no significant difference
Smaller fragments of bone wastage resemble splinters, 
rectangular pieces of bone from fragmentation.  The larger pieces did not conform to a 
specific shape.  The only chain to have a high degree of wastage and fragmentation was 
SeSe.  None of the other chains had a similar correlation between wastage and 
fragmentation.  There was also a significant difference between the chains when 
compared one on one, with the exception of SF and CS (Table 4.2).  There was a
64 
width between chainsaw types
 
Body Spatter 
.423, and p = 0.000 (Table 4.3 and 
 in the size or shape of the wastage.  
as opposed to conical or 
 
. 
Figure 
 trend 
  
for a greater amount of wastage produced with SeSe and SS.  
pieces of wastage produced by SeSe
than the others.  The larger pieces of wastage produced with SeSe were not standard, and 
many of the pieces produced with SeSe were of similar size to those produced with other 
chains.  The amount of wastage produced can be used to assist in identifying the type of 
chainsaw used for cutting.  Larger mass would indicate SS and SeSe.  Lower wastage 
mass would indicate the trend towards one of the other three chains, but it would not 
distinguish between the three. 
Figure 4.18.  Comparison of bone wastage weights between chainsaws.
 
The body spatter traveled in multiple directions from the point of cutting.  
principle directions, with the orientation of 0
pointing: 0 , 90 , 180  and 270
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There was a trend for larger 
.  The chain type SS simply produced more wastage 
 
 being the direction the chain bar was 
.  All directions appeared to be in a conical spray pattern.  
 
 
The 
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Table 4.2.  Comparison of significance between chainsaw bone wastage mass. 
 SF SS CS CF SeSe 
SF NA     
SS P = 0.000 NA    
CS P = .0992 P = 0.000 NA   
CS P = 0.009 P = 0.002 P = 0.028 NA  
SeSe P = 0.000 P = 0.000 P = 0.000 P = 0.000 NA 
 
The 0° spray tapered the farther it traveled from the chain saw, while the other directions 
were a shorter distance traveled there was a larger base for the spray and did not taper 
away from the chain saw (Figures 4.19 and 4.20).  The apparent tapering of the body 
spatter to the 0° might have been a result of less material reaching that distance.  The 
farthest piece of spatter was recorded at 4.95 m from the point of cutting, and the widest 
area of the spray pattern was 1.65 m.  This began at a distance of 0.9 m from the point of 
cutting and began to narrow at 3.75 m from the cutting area.  At the 90° orientation, the 
spatter traveled 1.03 m, and the spray had a base of 0.83 m.  No significant change in the 
size of the spray base was observed.  A similar pattern was observed in the 270° 
orientation.  The spatter traveled 1.13 m and the spray had a base of 0.43 m.  No 
significant change in size was observed in the spray base.  The 180° orientation spatter 
traveled 0.63 meters and had a spray base of 1.65 m.  The distance and spray base might 
have been affected by the chainsaw operator being in the direct path of the spatter.  In 
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addition, the longer distance and wider spray base of the 0° and 180° orientations might 
be due to the chain rotating in those directions along the chain bar.  In these instances, the 
motion of the chainsaw would have acted similar to a catapult in projecting spatter.  
 
 
Figure 4.19.  Samples of chainsaw wastage.  Scale is in mm. 
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Table 4.3.  Standard error of means for measurements. 
 Exit 
Chipping 
Width 
(mm) 
Breakaway 
Spur Length 
(mm) 
Breakaway 
Notch 
Length 
(mm) 
Minimum 
Kerf Width 
(mm) 
Maximum 
Kerf Width 
(mm) 
Mass of 
Bone 
Wastage 
(g) 
SF 4.2 
 1.12  1.1 
 0.79 2.6 
 1.68 7.4 

 0.267 
8.4 

 0.306 
0.21 

 0.05 
SS 6.44

 1.09 
3.88 
 3.6 3.57 
 1.9 8.5 

 0.267 
9.4 
 0.34 0.9 
 0.11 
CS 1.89

 0.42 
1.43 

 1.43 
3.75 

 1.28 
8.7 

 0.396 
10.2 

 1.041 
0.25 

 0.04 
CF 2.75

 0.67 
8.86 

 5.31 
15.71 

 3.2 
8.1 

 0.567 
11.4 

 1.408 
0.53 

 0.04 
SeSe 2.7 

 0.79  
4.2 
 2.14 17.1 

 3.34 
7.43

 0.429 
8.14 

 0.404 
1.48 

 0.06 
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Figure 4.20.  Distance and direction of wastage travel from point of sectioning. 
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CHAPTER 5: 
DISCUSSION  
Introduction 
 There were only a small number of traits that were significant in determining the 
type of chainsaw used to cut each bone.  The majority of traits were only significant 
when two chainsaws were compared to one another.  As previous research has only 
mentioned the existence of the traits measured, opposed to a potential frequency of 
occurrence, there is not a foundation for comparison.  Of these traits, many of them can 
be used to differentiate between chainsaws and other saws, whether they are manually or 
mechanically powered.  In addition to using these traits as a means to identify a chainsaw 
in a forensic situation, there were additional factors that have not been the focus of 
research, which provide the opportunity for additional research in a forensic context. 
 
Sectioned Bone 
 There were a number of traits that could not be used to determine an individual 
chainsaw chain type as being responsible for a cut.  These traits were either present in a 
majority of the samples or did not have a direct correlation to a particular chainsaw.  In 
the case of the former, the high number of specimens displaying the trait renders them 
unusable to distinguish a specific chainsaw type.  The latter type of trait was not 
distributed among the types of chainsaws to be significant; however, some of these traits 
were significant when comparing individual types of chainsaws.  There were only a few 
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traits that were significant among chainsaws as a whole.  These relationships will be 
discussed below.   
 There was not a difference in the uniformity of striations among types of 
chainsaws.  While this is expected in mechanical power saws, differences have been 
noted in wood cut with chainsaws (Tournel et al. 2008).  Differences might be due to the 
hardness of bone as opposed to wood, such that bone does not have the same reaction as 
wood to force.  All chainsaws chain types produced J-grooves, so their presence cannot 
be used to identify a single type.  The presence of J-grooves is consistent with previous 
studies concerning chainsaws (Symes et al. 2010).  The uniformity of striations and the 
presence of J-grooves were nearly universal and could not be used to compare individual 
types of chainsaws.  The fragmenting of the bone while being sectioned resulted in some 
samples where these traits were not observed.   
Two other traits that did not have any correlation to chainsaw chain type were 
longitudinal fractures and breakaway spurs.  These traits did not display a discernable 
pattern in appearance or size either as a whole or between specific comparisons.  A 
majority of the samples displayed longitudinal fractures.  The presence of these fractures 
has not been commented upon in the previous literature.  The appearance of the fractures 
is similar to those in cases of hacking trauma, where the fracture line extends away from 
the point of impact, approximately perpendicular to the orientation of the blade (de 
Gruchy and Rogers 2002; Humphrey and Hutchinson 2001; Lynn and Fairgrieve 2009; 
Reichs 1998; Tucker et al. 2001).  The breakaway spur has been mentioned in previous 
studies involving saws, but it has not been noted as being consistent in size.  The lack of 
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consistency might involve more factors than just the type of saw being used, such the 
exact angle of blade in relation to the bone and structure of the bone. 
 There was an overall significant difference found in the width of exit chipping 
and the length of the breakaway notch.  The significance in the size of exit chipping was 
divided into two groups.  Three of the chains displayed smaller exit chips: CS, CF, and 
SeSe.  The last two were very close in size, and slightly larger than CS.  The other two 
chainsaw types, SF and SS, displayed exit chipping that was significantly larger than the 
others.  It would be possible to use exit chipping to narrow the range of chainsaw chain 
types suspected in inflicting trauma, but it is not sufficient to use exit chipping alone to 
identify a single type of chainsaw.  The breakaway notch size difference was significant, 
but with a reversal of the groups from exit chipping: CF and SeSe consistently displayed 
significantly smaller breakaway notches than the others, even though CS was still in the 
lower end of the measurements of the breakaway notch.  Based upon these two traits, it 
could be possible to identify a CS type chain, as it is the only one with minimal exit 
chipping and breakaway notches.  The other chains could only be broken into sets, i.e., 
CF and SeSe compared to SF and SS.  These sets would need to be compared side by side 
using further characteristics.  It should be noted that even though longitudinal fractures 
did not have a significant correlation to chain types overall. However, there were trends 
in the presence of longitudinal fractures, where the presence could assist in distinguishing 
specific chainsaw types from others rather than belonging to a specific type in the larger 
set of chainsaws.   
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False Start Kerf Walls and Floors 
 Before discussing the specific characteristics observed in the false start cuts, it 
should be noted that no false starts were created through the chainsaw skipping out of the 
kerf.  All false start cuts were created intentionally.  However, if the chainsaw does not 
firmly embed into the material being cut, it may bounce and scrape along the surface.  
This might also relate to the control of the user and object being cut.  A firm grip and 
stable object will minimize this bouncing off the surface.  A loose grip will cause a 
greater degree of bounce until embedded in an object, and a loose subject being cut will 
move and cause additional scraping and bouncing.  Based upon this research, it is 
suspected that a chainsaw will not skip in the same manner as other saws, whether 
manual or power.  A chainsaw should only skip if it were to strike an object it could not 
cut, such as steel prosthetics.   
 There was a significant correlation between the angling of the kerf floor and the 
type of chainsaw used.  All chainsaws resulted in a slight unevenness of the kerf floor, 
but the following were macroscopically pronounced: SF, CS, and CF.  SS did not create 
kerfs with a significantly angled floor.  The only chainsaw that did not have angling of 
the kerf floor as a significant identifier was SeSe.  It is not known why cuts with SS were 
devoid of the angled kerf floor; however, the chainsaw was designed for light-duty home 
use and not designed to be as forceful at cutting.  Given that the SF teeth are the same 
design as SS, the result might not be linked directly to the tooth shape.  The same applies 
to the chain skip, as CS and SS are the same in this regard.  This could be an affect of 
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both the skip and tooth style present together on the chain, opposed to being individually 
responsible for the trait appearance. 
The majority of the kerf floors displayed straight parallel striations synonymous 
with mechanical power saws.  Overall, there was no correlation between the type of 
chainsaw and the frequency of uniformity in the striations.  No significant difference was 
found in the width of the kerf walls among chainsaw types.  Given that all of the chains 
were the same width, it can be concluded that the type of chain will not affect the width 
of the kerf.  The differences in width are most likely due to the chainsaw vibrating within 
the kerf and battering the bone as opposed to neatly cutting it with little vibration 
widening the kerf.  As the chainsaw cuts, the motor causes heavy vibrations.  While 
cutting, the sides of the chain and chain bar batter the kerf walls, which could cause 
additional damage and widen the kerf.  The battering action of the chainsaw causes larger 
pieces of bone to be removed than a hand saw.  As pieces are removed, it could widen the 
kerf.  This could create a funnel shaped kerf, where the area closer to the point of initial 
cutting is wider, and the kerf becomes standardized in width as the chainsaw cuts deeper 
into the bone.   
 
Body Spatter 
 The body spatter appeared to travel in a near conical spray.  The effect of the 
spray caused body spatter to be present 360° around the cutting area.  The main direction 
of the spray was oriented, using the orientation of the chain bar, along the following: 0°, 
90°, 180°, and 270°.  The farthest projection was in the direction the blade was pointing.  
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The farthest piece of body spatter was approximately 4.95 m.  This distance was probably 
increased due to the chainsaw cutting an object at a height off the ground (85 cm).  If the 
sample was closer to the ground, a shorter distance might have been traveled.   
 Body spatter was also projected to the sides, and a few fragments were found to 
the rear of the chainsaw.  The body spatter projected to the rear was most likely the result 
of tissue becoming stuck in the chain links and being thrown back when loosened.  This 
interpretation is supported by the presence of tissue in the chainsaw housing.  This 
material would become attached to the chain links and then become lodged in the 
chainsaw housing gears.  Despite the accumulation of soft tissue, there was no 
discernable reduction in the chainsaws’ proficiency.  It was not possible to compare the 
mass of soft tissue in the housing with that of spatter.  The soft tissue pieces that were 
part of the spatter were not as visible as the bone fragments and could not be collected 
efficiently.   
 The bone fragments that were part of the body spatter and wastage were pieces 
larger than 1 mm, opposed to dust as wastage that other types of saws produce.  There 
was minimal dust collected as part of the wastage.  There was discernable correlation to 
the distance the body spatter traveled and the type of chainsaw; however, a refined 
method is needed to confirm these data.  It is also possible that the distance traveled was 
affected with the use of the sawhorse (i.e., distance above ground surface of the cut 
object).  As the specimens were above the floor surface, it is possible that one committing 
criminal dismemberment with remains directly on the floor could have a different travel 
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distance and path for body spatter.  The size of the wastage was similar among the types 
of chainsaws.  
 
Differentiation of Chainsaws from Other Saw Types 
 The tool marks present in cut bone from any type of chainsaw will mark it as such 
opposed to another type of saw (Table 5.1).  The striations that a chainsaw creates are 
uniform and parallel, as are the striations created by most mechanical saws.  This 
characteristic will separate mechanical saws from hand saws of any type (Bonte and 
Mayer 1973; Saville et al. 2007; Symes et al. 1998; Symes et al. 2010).  As the striations 
are not curved or rounded, the cut will be distinguishable from some circular bladed 
power saws.  If the bone is thin enough, there might not be enough surface area for a 
circular saw to create a curved striation.  However, the presence of J-grooves will mark 
the cut as belonging to a chainsaw.  The J-groove is made as the chainsaw batters against 
bone, as opposed to skipping within a kerf.  The J-groove normally appears as a U-
shaped linear striation when viewed directly, approximately 1-2 mm in width.  When 
viewed perpendicularly, it is present as a series of J-shaped ridges normally synonymous 
with areas of exit chipping.  
 The presence of pitting is possibly caused through a combination of the angled 
teeth vibrating side to side as the chainsaw cuts.  Despite other saw types having angled 
teeth, the appearance of pitting has not been described as a feature of saw marks.  Given 
the absence of pitting in other saw types it is possible that pitting is indicative of 
chainsaw use (Bonte et al. 1984; Brown 1995; Koehler et al. 2004; Marciniak 2009; 
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Saville 2007; Symes 1992; Symes et al. 1998; Symes et al. 2010).  The pitting could be 
caused as the teeth dig into the kerf wall, gouging small pieces of bone.  A possible 
example could be through actions akin to tooth hop in other saws.  As a chainsaw is 
cutting, it may bounce off the bone.  This action could cause the chain to behave similar 
to kick-back; when a chainsaw strikes an object that it cannot cut and bounces towards 
the user.  During this action, it might gouge the kerf or the pitting could be the trigger that 
causes the motion.  Given that chainsaws do not cut so much as batter through bone, the 
pitting would be an extension of the uneven kerf wall that is created through the use of a 
chainsaw.    
The size of the kerf will also differentiate a chainsaw from other types of saws.  
Although a chainsaw will create a kerf close to the width of the chain, this is not always 
the case.  However, the width of the chain in the present research was 8 mm, which is 
significantly larger than that of other saws.  The kerf sizes between chainsaws and other 
saw types should be readily apparent.  The kerf from other saw types might be 1-2 mm 
wider than the blade, which creates a kerf approximately 3 mm at its widest point.  
Conversely, a chainsaw’s cutting area will be significantly wider than the kerf of other 
saw types before one takes into account the additional damage that would widen the kerf.  
A chainsaw will usually leave a kerf of at least 8 mm, while other saws will usually 
create a kerf smaller than 3 mm.  Lastly, the presence of fracture lines and fragmentation 
from chainsaws is not noted in damage from other types of saws.  This could be due to 
the manner that the different saw types cut.  Chainsaws cut through objects with a cross 
between sharp force and blunt force, similar to an axe.  In this sense, the fracture lines are 
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similar to radiating fractures from an axe’s point of impact.  Other saw types cut through 
sharp force trauma in a shearing motion.  The lack of battering by other saw types would 
not create the fracture lines.  A sectioned piece of bone, with fracture lines extending 
from the sectioned end, would enable one to rule out the use of other saw types.  
Depending on the circumstances, one would need to differentiate between hacking 
implements and a chainsaw, which would be possible due to other features: breakaway 
spurs and notches, J-grooves, pitting, and exit chipping (Bonte et al. 1984; Brown 1995; 
Koehler et al. 2004; Marciniak 2009; Saville 2007; Symes 1992; Symes et al. 1998; 
Symes et al. 2010).   
 The differentiation between saw types and wastage produced has not been 
researched formally.  Fragmentation was not noted, nor has it been commented upon in 
previous literature.  The wastage from a chainsaw was in the form of bone fragments.  It 
is possible that dust wastage might have been dispersed to a greater extent and not 
observed, or have been mixed with the soft tissue collected in the chainsaw housing.  The 
presence of large fragments and splinters of bone would be indicative of a chainsaw as 
opposed to the dust of other saws.  Not enough tests with hand saws and other power 
saws have been conducted to compare overall the mass of wastage.  It is speculated that a 
chainsaw would produce a larger mass of wastage given the larger fragments and wider 
surface area affected by the cut.  Given the lack of research on wastage masses and shape 
of wastage fragments, this is an avenue of further research.  The presence of wastage 
might be linked to a particular class of saw.  This could be used as evidence alongside 
tool marks to identify a particular saw used in a forensic case. 
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Table 5.1: Comparison of traits found on saw types (Bonte and Mayer 1973; 
Bromage and Boyde 1984; Marciniak 2009, Randall 2009; Saville 2007; Symes 1992, 
Symes et al. 1998).   
 Chainsaw Mechanical Saw Hand Saw 
Additional 
Damage 
Fractures, 
fragmentation 
Not present Not present 
Breakaway Notch Large, capable of 
exceeding 20 mm 
Present, no data on size Present, no data on 
size 
Breakaway Spur Capable of exceeding 
10 mm 
Described as large, no 
data on size given 
Described as small, 
no data on size given 
Consistency of 
Cut 
Consistent Consistent Inconsistent 
Exit Chipping Size and presence 
variable, chips 
frequently exceed 2 
mm 
Present, but no data on 
frequency or size 
Present, but no data 
on frequency or size 
Kerf Floor Angling, saw shape not 
defined on kerf floor 
Notches, pits, saw shape 
defined on kerf floor 
Notches, pits, saw 
shape defined on kerf 
floor 
Kerf Width Not limited by width of 
chain 
Close to if not equal to 
width of blade 
Close to if not equal 
to width of blade 
Evidence of Saw 
Skipping 
J-Grooves Break in directional 
striation uniformity 
Break in directional 
striation uniformity 
Tooth Imprints Replaced with pitting Present of kerf floor, 
notches 
Present of kerf floor, 
notches 
Wastage Splinters, fragments 
exceeding 2 mm 
Dust particles Dust particles 
 
Conclusion 
 The data gathered from the examination of sectioned bone and false start kerfs 
have demonstrated that there are few differences between types of chains among 
chainsaws as a class of tool and that these are not significant enough to identify a 
chainsaw chain type in isolation based upon tool marks.  However, given the trends that 
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certain chainsaw types display in the frequency of some features, it is possible to identify 
features that are consistent with a certain type of chainsaw, especially differentiating 
between standard teeth and other types.  These trends might allow for identifying a 
specific chainsaw type out of a group of chainsaws.  The most significant areas were the 
size of the exit chipping, breakaway notch, and the angling of the kerf floor. 
 However, further differences between chainsaws and other types of saws have 
been identified.  The presence of fracturing, fragmentation, J-grooves, and kerf width are 
traits that would distinguish a chain saw from other types of saws.  Those features of 
other saw types noted informally, or those not previously studied, allow for further 
research to determine the frequency of the trait and comparison among all saw types.  For 
example, breakaway spurs and notches created through mechanical power saws have 
been described as large, but measurement ranges are not know to have been published.  
Further research in this area could occur in order to determine if there is a significant 
difference in size between those created through chainsaws as opposed to other 
mechanical saws. 
 Wastage is another area that has not received significant study.  While a manual 
saw might not produce body spatter, it will still produce wastage, and the size and mass 
can be contrasted to a chainsaw.  Little work has been done concerning spatter with 
mechanical saws, and comparative studies can be done contrasting band saws and 
circular saws to chainsaws. 
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CHAPTER 6: CONCLUSION 
Introduction 
 Saws have been used as a means to torture the living and dismember the deceased 
in instances that fall under the purview of both local law enforcement agencies and war 
crimes investigators.  Because of these acts, the ability to identify types of saws through 
the tool marks left on bone is important and can assist in such investigations.  A specific 
saw could be linked to a homicide and used as evidence, or the use of saws for torture 
and disposal could be used as evidence to demonstrate human rights violations and war 
crimes in international courts. 
 The present research focused on chainsaws, as this type of saw has not received 
the same amount of focus.  Chainsaws have been demonstrated to leave several 
identifiable features on bone when used as a cutting instrument.  Some of these features 
are synonymous with saws as a larger class of tools, such as exit chipping and breakaway 
spurs.  Chainsaws will create tool marks that are consistent with chainsaws and not other 
types of saws, with examples including: large kerf width, severe fragmentation, and 
pitting in the kerf wall.  While these features can be used to distinguish chainsaws from 
other types of saws; however, there is not as much success in differentiating within the 
class of chainsaws.  The ability to distinguish between chainsaws and other types of saws 
can contribute to forensic investigations and creates opportunities for further forensic 
research.  Trends were found to be present in identifying a specific type of chainsaw 
among the larger class, but chainsaws did not create tool marks that were unique to an 
individual type of chainsaw. 
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Comparison between Chainsaw Types 
This research demonstrated that a small number of the tool marks created with a 
chainsaw could be linked to a particular style of chain.  The style of tooth was of greater 
significance than the skip of the chain.  The standard tooth, most commonly found with 
standard skip and commercially available at hardware retail stores, would be identifiable 
through a small breakaway notch, potentially large exit chips, and pitting on the kerf 
wall.  A standard tooth is capable of producing similarly sized exit chipping as chisel and 
semi-chisel teeth, so one could not discount standard teeth if all exit chipping in small.  
Larger breakaway notches can be used to identify a chain type based upon the 
tooth and skip design together, this means of identification will have the same drawback 
as exit chipping: while not as common, other chains can produce smaller notches.  The 
identification would occur with the ability to state that a particular chain is unlikely to 
produce a notch of increasing size.  Only the largest breakaway notches could be 
considered consistent with a specific chain.  Since the size does not appear to be 
determined with either skip or tooth alone, one cannot rule out chains based upon these 
features.   
A false start cut is more discerning due to the angled floor.  If a false start is 
present, the floor will be non-angled if the chainsaw possessed standard teeth.  While 
other tooth styles produce non-angled floors, it was less likely to occur.  The other teeth 
are less identifiable.  The use of bone wastage to identify a particular chain is possible, 
but not practical in a forensic environment.  The use of bone wastage would require one 
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to know that all wastage has been collected.  Any use of bone wastage would be 
dependent upon that assumption. 
Due to these factors, it is possible to identify a chain with standard style teeth.  It 
would be less likely for one to identify accurately a chain type with semi-chisel or chisel 
teeth.  It would be unlikely that one could identify the skip a chain type used, as skip 
appears to have played little importance in the results of this research. 
  
Chainsaws Distinct from Other Saw Types 
 While the differences between types of chainsaws were not significant in general, 
additional features were noted that can be compared to other types of saws.  These 
features can be used to differentiate between chainsaws and other types of saws.  The 
features are present in both completely sectioned bone and in false start kerfs.  These 
features were the result of the chainsaw having a wider cutting surface and battering the 
bone as well as cutting.  Battering was the most significant, as it caused additional 
damage to bone, and it would have contributed to the larger kerfs, pitting on the walls, 
and larger exit chipping.  The angling of the kerf floor was another factor that 
differentiates chainsaw usage from other types of saws.  The kerf floor of other saws do 
not exhibit angling from the center of the kerf floor and they are not as wide.  The 
wastage produced by a chainsaw was also significantly distinct from other types of saws: 
splinters and fragments opposed to granules.  It should also be noted that skip played 
little role in the tool marks on bone, yet it is an important factor in woodworking and 
lumber industries.  While not specifically relating to saws, it affords the possibility that 
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other woodworking tools should be examined as the important design factors might not 
play similar roles in criminal circumstances. 
 
Further Research 
 The present research demonstrated that one could distinguish between chainsaw 
types, but that it requires the examination of multiple features rather than a single pattern, 
such as the difference between blunt and hacking trauma.  Several avenues for further 
research exist.  The first is to conduct this experiment on human remains.  While the 
bones selected were chosen due to a similarity in size, the bone density and structure will 
still differ.  This might cause different patterns in tool marks on human bones than was 
observed in the animal specimens.   
In hindsight, an aspect of the present research that was not explored is the amount 
of saw wastage that is collected within the housing as the chain rotates.  These bone 
fragments become mixed with the soft tissue and will collect in the housing.  There were 
no noticeable effects of this on the efficiency of the chainsaw, and the collection of the 
material was not noticed until after the research had begun.  But, the presence of bone 
wastage in the saw could have a role in forensic investigations.   
Additional research is possible concerning the body of the chainsaw.  Chainsaws 
with different power can be tested for the effects on tool marks.  For example, multiple 
chainsaws with the same chain mounted on the chain bar could be observed for 
differences in tool marks left on bone. 
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Concerning the chainsaws themselves, there are an additional four types of chain 
available on the commercial market, designated with variations in the combination of 
skip and tooth style.  These chains were not chosen due to the limited use in commercial 
activities (STIHL 2012).  Aside from the chains, research can be conducted on the effects 
of power on the tool marks.  Multiple chainsaws of different power and sizes, utilizing 
the same style chain, could be compared.  While not likely common in a forensic 
investigation due to cost, rescue chainsaws were not used in this research.  These types of 
chainsaws are commonly used by first responders and emergency services.  The chains 
do not utilize the same patterns of teeth as other chainsaw types.  Instead, rescue 
chainsaws commonly have diamond grit edges and are designed to cut through material 
harder than wood, such as steel and concrete. 
A second avenue of research is to conduct further comparison between features of 
chainsaws and other saw types.  Examples include the size of exit chipping and presence 
and size of additional fracture lines.  These have not been given thorough discussion in 
literature; consequently, it is not known if there is a significant difference in these 
features if caused with a chainsaw or other saw types.  This could potentially increase the 
number of points of comparison one could use to discern specific tool usage.  Lastly, 
further research could be conducted concerning the saw wastage.   
 
Closing Remarks 
 This study has demonstrated that there is not a significant difference between 
chainsaw types, and that while they can be compared, chainsaws should not be a separate 
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class of tool capable of being subdivided.  However, it was found that there are additional 
indicators of chainsaw use in cutting bone when compared to other types of saws.  These 
differences are significant enough that chainsaws should remain a separate sub-class of 
saw distinct from others, whether manually or mechanically powered.  Even though the 
research demonstrated no significant differences, the additional features produced on 
bone and in wastage can be used in other areas of forensic investigations and laboratory 
research focused upon distinguishing tool types and further research. 
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